INTRODUCTION
Surface acoustic wave devices have been in industrial use for more than 60 years [1, 2] . The telecommunications industry is the major user of SAW devices, consuming approximately three billion devices annually, mainly in mobile cell phones and base stations [2] . There are several new emerging applications for surface acoustic wave devices as sensors that may eventually equal the demand of the telecommunications market. These include automotive applications (torque and tire pressure sensors), medical applications (biosensors), and industrial and commercial applications [3] . Surface acoustic wave (SAW) sensors are competitively priced, intrinsically rugged, highly responsive, intrinsically reliable and also capable of being passively and wirelessly interrogated (no sensor power source required) [2, 3] .
In recent times, the applications of surface acoustic wave (SAW) devices have been extensively used for toxic chemical vapour sensing by exploiting the extreme sensitivity of SAW device to surface perturbation [5] . SAW devices can be used to monitor/sense gases and organic solvents, if these are coated with a material which selectively adsorbs molecules from air (Wohltjen 1984 The use of diamond in the multilayered SAW structure has the following advantages: high frequencies up to 5 GHz, high coupling coefficients up to 1.2%, small temperature deviations, high power capability, and small device size without submicron lithography [6] .
The disadvantages of the layered SAW structures are the complex design and the problem related to the deposition of a piezoelectric layer with appropriate crystalline orientation.
These facts probably have caused insufficient research on SAW sensors using diamond.
Keeping all these prior work complexity in mind, in present work SAWs are generated on classical piezoelectric material (ex. Quartz, and lithium niobate,) from electric signal interrogations.
SAW device have a pair of transmitting and receiving interdigital transducers (IDT), which consist of a long chain of electrodes separated by gaps. Minor defect during fabrication in these kinds of features can lead to the failure of the device. Hence for fabrication of SAW require high quality of fabrication process. Therefore SAW devices are made using photolithography, for precise control over the minimum feature size of the electrode geometry of a SAW device. This is one reason for the success of the SAW technology, another being that the crystal substrates have reproducible properties, so that SAW devices with very predictable performance can be produced. Photolithography is limited by the wavelength of the light used to reproduce the pattern on the substrate. Ultra-violet (UV) photolithography is one of the well adapted micro fabrication techniques to pattern micrometer sized features on substrates and realize micro-electro-mechanical-system (MEMS) devices [4] .
The IDTs of SAW device is made of closely packed micro meter sized metal electrodes fabricated over piezoelectric substrates [3, 7] . The width of the electrode and gap length between the electrodes decides propagating SAW wavelength () [2, 3] . The resonance frequency, f 0 , of the SAW device is related to  as
Where, V is the SAW velocity of the substrate. Thus, it is highly important to fabricate IDTs of required feature size to meet the performance of operation such as an anticipated frequency response [3] . For a SAW sensor coated with polymer, mass-loading mechanisms contribute to its response as shown in eq. (3). (3) in which c m is the coefficients of mass sensitivity, (m/A) is the change in mass per unit area and f 0 is the fundamental frequency of the SAW device. From eq. 4 it is evident that if fundamental frequency of the SAW device increases the sensitivity of the sensor increases because it is directly proportional to square of the fundamental frequency of the SAW device [12, 13] 
Hence for the current work high frequency SAW devices (70 MHz to 500MHz) have been design and fabricated details are shown in Table 1 . [11, [14] [15] [16] [17] (i) the geometry of thin film metallic interdigital transducer (IDT) and (ii) the piezoelectric substrate. The IDT consists of a series of interleaved electrodes made from a metal film deposited on a piezoelectric substrate. The width of the electrodes is equal to the width of the electrode gaps. An applied voltage will cause (through piezoelectric effect) a strain of periodicity L, the periodicity of the structure.
If the frequency is such that L is close to the wavelength (λ) of surface acoustic wave then there is a strong coupling into surface wave energy and surface waves are launched along the substrate.
To understand the behaviour of IDT, crossed-field equivalent circuit model is considered in which an IDT is represented by a three-port network as shown in fig.1 . In this model, ports 1 and 2 represent electrical equivalents of "acoustic" ports while port 3 is considered as a true electrical port [16] . 
IV. SIMULATION AND DESIGN
One side polished Y Cut X propagating lithium niobate and ST-X quartz wafers were chosen as substrate materials to fabricate devices as mentioned in Table I . ST-X quartz substrate is widely used for SAW sensor applications because of its zero first order Temperature Coefficient of Delay (TCD) at room temperature and lithium niobate has higher electromechanical coupling (K 2 ) hence are chosen as a substrate for the present work [17, 21] . The SAW device parameters (centre frequency, insertion loss, delay time and Table   I . A delay of 1-2s is incorporated in the entire devices so that sufficient gap is provided between the two IDTs for coating the selective and sensitive chemical adsorbent material for sensing applications.
The device structure was created using custom-made software "SAW Device Designer" written in Visual Basic. A snapshot of the software is shown in fig. 2 . The mask design is made for a positive mask where the fabrication of the device will be carried out by photolithographic etching method.
The mask was fabricated using the data prepared in AUTOCAD and GDSII. It was verified and fed into a LASER Pattern generator after conversion. A resist (AZ1518) coated pre baked master grade chrome blank of size 4"X4" was loaded into the LASER pattern generator (Heidelbrg DWL 200). The mask was exposed using the data. After exposure, the mask plate was developed using MIF 300 developer. The pattern was inspected and subsequently, it was etched using chrome etchant. The mask was inspected and dimensions were measured and the remaining resist was removed using stripping solution. Finally, the mask was inspected for quality under microscope. This was then used for fabrication of SAW devices. The final mask images are presented in Fig 3 (a) and 2 (b) . The critical dimension for these mask were 1.57, 3.14, 5.256, 7.886 and 11.26 µm. High purity aluminium (99.999) has been used for metallization. Aluminium metal was deposited on bare 3" quartz substrate using thermal evaporation system (model 12L). The coating thickness was controlled to 2000 Å by a thickness monitor. The substrate was then coated with AZ1505 positive photo-resist (supplied by microchem) using spin coater system.
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The samples were spun at rate of 4000 rpm for 30 s in order to achieve the thickness of 1 µm.
The photo resist thickness is measured by ellipsometry system. The coated substrate was prebaked at 90°C for about 30 min to dry solvents and enhance adhesion. The substrate was then exposed to UV rays (I line at 386 nm) for 8 sec under UV source of radiance 5500-5800 JW/cm 2 through photo-mask using mask aligner (MJB3, Karl Suss). The exposed photo-resist was then developed using MIF 726 developer, then the samples were rinsed in DI (De Ionised) water to stop over development and dried using compressed clean air and examined under microscope for critical dimension measurement. After microscopic inspection post baking of the developed substrate was carried out at 120°C to dry the sample for about 60 sec and substrate is again examined under microscope. The exposed aluminium in between the photo-resist was then etched by an chemical etching process. Finally the photo-resist was stripped by acetone solution to remove the photo resist. The devices were then diced out of the wafer in set of two (for dual device configuration) using dicing machine (ADT 7100 series) and the diced chips were packaged in different packages (TO-8, TO-39, QFP, DIP) chosen as per their size and sensing requirement. The device pads were bonded to the package pins using 1 mil aluminium wire.
VI. RESULTS AND DISCUSSION
SAW device contains large number of features to a long distance hence these devices are more prone to defects during fabrication.
These problems can be caused by drift in tool parameters, material problems, or environmental factors. Problems can be the result of an unplanned change in a process parameter or the interaction of two or more process parameters. Examples of each parameter type and its potential impact on lithography process parameters are shown in Table 2 . Table II: (1) The lithography process is sensitive to a large number of parameters, some of which are not under the direct control of the lithography process; (2) All parameters have a defectivity component which can directly impact the performance of the lithography process.
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As the minimum critical dimensions (CD) required for SAW device fabrication has decreased over time the SAW devices are becoming more sensitive to defect density and maximum defect size. To achieve and maintain yields at economically acceptable levels the SAW device process parameter are optimized in present work for the fabrication of SAW devices.
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OPTIMIZATION OF PHOTO RESISTS THICKNESS AND UV EXPOSE TIME
Photo resists thickness play a major role in device fabrication [7] [8] [9] . For fabrication of sub micron (1.57 µm) feature size, the thickness of the photo resist should be optimised. To achieve the required thickness, photo resists is coated on SAW substrate at different rpm and thickness is measured by ellipsometry system. The photo resist thickness optimisation is shown in figure 5(a) .
Figure 5. (a) Photo resist thickness optimization (b) Ultra violet energy optimization
After thickness optimisation, UV dose has to be optimized for required feature size, which governs that how much photo resist has remained on the substrate after developing. Figure 5 (b) shows the UV dose and exposing time optimization graph for device fabrication. For the present work the ~ 1 µm thick photo resist film has been used and exposing time 20s has been optimized for ~58 mJ/sq.cm UV energy dose. After optimization, device patterns are printed on the substrate. Substrate is then carefully aligned with the mask pattern and exposed to the optimized ultraviolet light. After exposure, the substrate is then put in a developing solution. Exposed areas undergo a chemical reaction and are removed and we are left with a metal pattern on the device corresponding to the pattern on the mask. The device is then developed and chemically etched so as to remove the metal from the exposed areas.
Since we fabricate number of devices on the same substrate hence the substrate is properly and carefully diced or cut to separate the individual devices. A sophisticated dicing machine accomplishes this process. After successful fabrication, SAW devices are properly packaged in a suitable package as per the requirement. Figure 6 shows the photograph of the fabricated SAW devices with contact bond pads. Fig.   7 (a) shows the SEM images of the mask and fabricated device of 70MHz and 500 MHz SAW It can be seen in Fig 8 that [37] [38] [39] . The devices were placed in the feedback loop of a two stage amplifier in order to be realized as sensor oscillators. The outputs of the two oscillators, the reference and the sensor were mixed using a double balanced IC mixer and filtered by a passive low pass filter. The output is in kHz frequency which is amplified and passed to digital section for frequency measurement [37] . The sensor system is tested with the very low concentration of DMMP vapor using vapor generator system for sensor characterization (Singh et al 2014) [35] . Nitrogen is used as carrier gas [28] [29] [30] [31] [32] [33] [34] recovery times and it also shows good base line stability as it return to it base frequency after purging with N 2 gas. It is demonstrated that, increasing the operating frequency of SAW device, the sensitivity of the SAW based chemical sensor can be enhanced and sensor system can be made for detection of toxic chemical in ppb range using high frequency SAW device.
